Effects of in ovo injection of Q10 on hatchability, performance (feed intake (FI), body weight gain (BWG), feed/gain ratio (F/G)) traits, and immune status of Ross × Ross 308 broiler chicks, hatched from eggs laid by a 38-week-old breeder flock, were determined through 42 days after hatch. Eggs containing live embryos were injected in the amnion with 0.1 and 0.2 mL Q10 solution on day 18 of incubation. Two controls groups were included as sham and/or as an uninjected group. At 28 and 42 days of age, performance traits, serum enzyme activity, weights of immune organs, and serum antibody titer of viral diseases were determined. Results were shown that hatchability % increased by Q10 on average of 6.54% (P≤0.025) and body weight/egg weight after hatching increased up to 4.74% (P≤0.002), compared with uninjected and sham controls. Injection of Q10 at different levels led to significant increases (P≤0.001) in performance traits all over the rearing period (P<0.05). Weight of immune organs significantly improved compared to uninjected and sham controls (P<0.05). In addition, serum antibody titers of viral diseases as well as serum enzyme activity of AST, ALT, CAT, and SOD were significantly changed by Q10 treated groups than controls (P≤0.01). In conclusion, in ovo injection of Q10 at levels of 0.1 and 0.2 mL led to significant increases in hatchability%, internal egg characteristics, and performance parameters as well as serum enzyme activity, weight of immune organs, and serum antibody titer of ND, AI, and IBD diseases.
Introduction
The physiological role of coenzyme Q 10 (CoQ 10 ) or ubiquinone is a vitamin-like substance which is the coenzyme for mitochondrial enzymes (complexes I, II, and III) through the inner membrane [1] . Mitochondrial enzymes are essential to oxidize nutrients as a key component of oxidative phosphorylation in the mitochondria and the production of the highenergy phosphate compound (ATP), upon which all cellular functions are facilitated [2, 3] . Besides its bioenergetic function in mitochondrial respiratory chain, CoQ10 is also present in several subcellular fractions or in plasma lipoproteins, where it acts as a powerful lipid-soluble antioxidant [2, 4] . Protective effects of CoQ10 administration were found in experimental models against the deteriorative effect induced by free radicals all over the body cells [3] . Coenzyme Q10, as a potent antioxidant, acts by scavenging reactive oxygen species (ROS) for protecting the embryo against oxidative damage in many degenerative diseases [5] .
Development of broiler embryos and hatched chickens are influenced by the yolk nutrient storage. Yolk is the main source of lipids in the egg which supply energy for early development of embryo by oxidative phosphorylation [6] . During initial growth of embryo, rapid oxidative metabolism 2 BioMed Research International leads to production of large quantity of free radicals which could be dangerous to embryo [7] . Antioxidants are a critical defense against free radicals, but freshly laid eggs, especially those from birds fed low quality diets, were found to have low concentrations of antioxidants. Thereupon, in ovo injection of antioxidants during incubation may enhance antioxidant qualification of the chicken embryo [8] . Also depression of immunity system due to failure of vaccination, widespread of infectious diseases, and unusual administration of antibiotics lead to impressing immunity responses [9] , while malfunction of antioxidant system inside the egg or in the chicken body leads to lower hatchability and subsequent performances [10] . It is well demonstrated that the ratio of esterified short-chain fatty acids is the highest in the tissues of avian embryos on day 18 of incubation, indicating the importance of fatty acid oxidation for energy production in embryos [11] . During the end stage of incubation, especially during the maturate stage, the embryo expends increased amounts of energy [12] . Therefore, the egg coQ10 concentration could be a limiting factor for the -oxidation of fatty acids during emergence from the eggshell. At such times, exogenous supplementation of coQ10 could to be advantageous.
The results of some studies indicated that coQ10 supplementation of hatched chickens diets at different ages resulted in high levels of antibody production for ND, AI, and IBD compared to the negative and positive control groups [13, 14] . However, the degree and quality of response for immune system to in ovo injection of coQ10 or other nutrients depend upon genetics, parent stock age, egg size, and incubation conditions [8] .
According to the important function of coQ10 it is essential to use in ovo injection of coQ10 in enhancing the growth and promoting the immune of newly hatched chickens, as well as oxidative prevention of the hatching eggs. Therefore, the aim of this work is to evaluate the effect of in ovo injection of CoQ10 in different dosage into eggs of breeder hens on the hatching performance and posthatch growth as well as serum antioxidant activity and immune response of the young chickens.
Materials and Methods
. . Incubation and Injection. The experimental procedure of this study was approved by the Institutional Animal Care and Use Committee of Qom's Agriculture Research Center, Qom, Iran. Ross × Ross 308 broiler hatching eggs from a medium age breeder flock (38 week of age in first stage of production, with average egg weight of 62.5 g, and production percentage was equal to 81%) maintained according to the breeders nutritional schedule were collected (within 3 d of egg collection), weighed, and distributed into 4 groups of 120 eggs each (480 eggs were set totally). Two groups were used as sham control (injected with 0.5 mL commercial diluent) and no injected control. The other 2 groups were injected with 0.1 and 0.2 mL of Q10 solution (1 and 2 mg dissolved in 500 L of a commercial diluent, respectively) per egg using 25 mm needle based on common methodology [8, 15] . Commercial diluent was included as sham control due to neutralized possible negative responses caused by the stress of injection and handling [8] . On day 18 of incubation, all of the eggs were weighed and then a volume equal to 0.5 mL of treatment solution or commercial diluent was injected into the amnion cavity in depth of 25 mm of each egg using an automated egg injector. Sham-injected control and Q10-injected groups (all of injected solutions containing Q10) were prepared by direct dissolution of Q10 powder (∼98% purity; Sigma Chemical Co., St. Louis, MO) in the 100 L of commercial diluent.
The injection operations were performed under laminar flow system. Under these conditions, temperature of the chamber was maintained at 37 ∘ C to avoid thermal shock to the chicken embryos [8, 12] . Before starting the in ovo injection, the point of injection was completely disinfected with 70% ethanol, while the solutions were warmed to 30 ∘ C [16] . After injection the injected eggs were returned to the incubator. Any in ovo injection was completed within 20 min out from incubator. Immediately after the injection, the injection site was sealed with sterile paraffin wax and eggs were gently returned to the incubator. On the 19th day of incubation, eggs were transferred to the hatchery and were placed in the certain hatching boxes. Finally, on the day of hatching, chicks were weighed and hatching percentage was recorded.
. . Bird Management and Feeding. One-day-old hatched chicks were distributed into 4 treatment groups with 4 replicates according to number of hatched chicks per each group. All chicks were reared for six weeks under similar recommended managerial conditions according to manual of Ross 308 broiler management [17] . At the first day, the lighting schedule was 23h light and 1 h darkness at 32 ∘ C. It was subsequently reduced 3 ∘ C each week until the end of the third week and then after that was constant at 22 ∘ C. Chickens were fed a basal diet based on NRC [18] , to meet the standard nutrient requirements of poultry (Table 1) . Diets in mash form and fresh water were offered to chickens ad libitum. Weight gain (WG) and feed intake (FI) were measured weekly and feed conversion ratio (FCR) was calculated accordingly.
. . Serum Enzyme Activity. At day one and the end of trail (42 days of age), 10 birds per treatment were selected for blood sampling (2-3mL/bird). Blood samples of day old chickens were taken directly from the heart and for 42-day-old chickens were taken from brachial vein to measure serum concentration of hepatic enzymes of AST, ALT, CAT, and SOD [8, 15] . Blood samples were transferred to tubes and kept at room temperature to clot. Blood samples were then centrifuged at 2,500 × g for 10 min at 4 ∘ C to separate the impurity of the samples. The separated serum samples were measured using commercial kits (Sigma-Aldrich Co., St. Louis, MO, USA) and a spectrophotometer according to a colorimetric method [19] .
. . Immunological Assay. Chickens were vaccinated with Newcastle Disease (ND), Avian Influenza (AI), and Infectious Bronchitis (IB) at age of 21 and 35 days according to local veterinarian recommendations schedule in order to challenge the immunity system of chickens. Four birds from each replicate were randomly selected and blood samples were taken from wing vein on 28 and 42 days of age (7 days after challenging by vaccine). Serum was separated by centrifugation of coagulated blood at 3000 r/min for 15 min. Antibodies titration against ND, AI, and IB diseases was performed using ELISA by specific kits of OVATEC5 Plus, SERELISA5 Rabies (Synbiotics, USA), and BIA-CK5 121 (Biochek, Netherlands), respectively.
. . Ethical Consideration. As previously described, the experimental procedure of this study was approved by the Institutional Animal Care and Use Committee of Qom's Agriculture Research Center. Meanwhile, all the methods used for experimental birds in this study were ethically approved by Ethical Review Committee of Public Health College and Medical Sciences of Qom University [20], Qom, Iran. Detailed experimentation procedures in birds as described in this manual for animal handling and treatment guidelines were carefully followed.
. . Measurements. On the day of hatch, hatchability percentage, egg weight, and body weight of chickens were measured. At this time two newly hatched chicks from each replicate were randomly selected and the weight of internal organs such as bursa of Fabricius, spleen, and yolk sac was recorded. During the experiment performance parameters including daily feed intake and weekly gain were recorded and for 1 to 21 and 22 to 42 days as well as all over the experiment period (1 to 42 days) FI, WG, and FCR were calculated. Also on day 42 after hatch two birds from each replicate were randomly selected and slaughtered and weight of bursa of Fabricius, spleen, and liver was determined. On days 28 and 42 after hatch, in order to determine the serum enzymes and immunological parameters, blood samples from two randomly selected birds were collected. After overnight clotting of blood samples at 4 ∘ C, the samples were centrifuged at 1,000 ×g for 20 min and sent to laboratory for further measurements [8, 15, 19] .
. . Statistical Analysis. At the end measured data were analyzed for normal distribution using the NORMAL option of the Univariate procedure of SAS software (SAS, 2008). Pen was considered as the experimental unit and data were analyzed based on completely randomized design by the GLM procedure. Statistical differences between the means were established using a Duncan's Multiple Range Test (DMRT) at the level of P≤0.05.
Results
According to the results of Table 2 , hatchability percentage was significantly increased by in ovo injection of 0.1 and 0.2 mL of Q10 per egg rather uninjected and sham controls (P≤0.025). Moreover, significant differences were found in body weight of chickens (P≤0.002). In ovo injection of Q10 (0.1 and 0.2 mL) led to significant increases in body weight/egg weight after hatching (P≤0.001), while the egg weight between the treatments was approximately fixed. Table 3 shows that in ovo injection of Q10 at levels of 0.1 and 0.2 mL per egg led to significant increases in feed intake and body weight gain in both 1-21 and 22-42 days of age (P<0.05). Significant differences were found in performance parameters in whole experimental period (1-42 days) (P<0.05).
According to the results presented in Table 4 , significant differences were found in weight of bursa of Fabricius (P<0.014) and yolk sac (P<0.001) at day of hatching but weight of spleen was not significantly different between treatments. But at 42 days of age CoQ10 at levels of 0.1 and 0.2 mL per egg led to significant increases (P<0.05) in weight of all immune organs including bursa of Fabricius, spleen, and liver. Table 5 shows that in ovo injection of Q10 at levels of 0.1 and 0.2 mL per egg led to significant increases in serum enzyme activity in both 1-21 and 22-42 days of age (P≤0.01). Significant differences were found in activity of AST, ALT, and antioxidant enzymes in the serum of chickens (P≤0.01).
In ovo injection of Q10 at levels of 0.1 and 0.2 mL per egg led to significant differences in ND, AI, and IBD antibody titer at 28 days of age (P<0.05). Moreover, significant increases were found in ND, AI, and IBD antibody titer as compared to uninjected and sham groups at 42 days of age (P<0.05) ( Table 6 ). 
Discussion
In ovo injection has become an important tool to administer vaccines and essential nutrients into egg in the hatcheries [6] . Nevertheless, some basic precautions including proper disinfection of the hatching eggs must be taken into account in order to achieve the best results with this procedure [21, 22] . It has been demonstrated that an effective way to supply embryos with essential nutrients could be in ovo injection of nutrients [21, 23] . In this regard in ovo injection of antioxidants could improve embryo development and can prevent oxidative damage [8] . Previous studies have shown that the absorption of exogenously administering CoQ10 due to its lipophilic nature and relatively high molecular weight is slow and limited [24, 25] . However, increasing its solubility in aqueous medium should increase the bioavailability [26, 27] . So developing a soluble form of CoQ10 exhibits increased water solubility [26] and better bioavailability in comparison to powder and oil-based CoQ10 forms [27, 28] .
Results of this experiment show that CoQ10 increased hatchability percentage and posthatch performance parameters, immune organ weights, activity of antioxidant serum enzymes, and serum antibody titer of common viral diseases such as ND, AI, and IBD. Hatchability percentage and body weight of newly hatched chickens were improved by in ovo injection of CoQ10 at levels of 0.1 and 0.2 mL of Q10 per egg. The result of hatchability percentage is consistent with similar studies (Coškun et al., 2014) [22] , so the hatchability percentage was influenced by the type of injected substance and site of injection into the eggs as well as proper disinfection process [8] . Exogenous supplementation of CoQ10 at critical time of fatty acid oxidation can be useful in reducing the production of free radicals that cause a serious damage to the embryo cellular membranes [3] [4] [5] and increase lipid utilization for energy production to improve hatchability [5, [29] [30] [31] . Therefore, it is concluded that increased hatchability percentage in this experiment after in ovo injection of CoQ10 may be due to the improvement of the antioxidant status of the eggs or protection effects of the CoQ10 against oxidation (Table 5 ). It is reported that higher body weight was also obtained by extra supplementation of CoQ10 due to the prevention of hydroperoxides of fatty acids and more energy uptake by CoQ10 which enhance the embryonic growth [22, 30, 31] .
Results also showed that in ovo injection of Q10 at levels of 0.1 and 0.2 mL of Q10 per egg led to significant increase in performance parameters such as feed intake, body weight gain, and feed conversion rate in both 1-21 and 22-42 days of age of broilers as well as in the entire experimental period. Coordinated by the effect of in ovo injection of Q10 on hatchability and body weight of hatched chickens, it is assumed that in ovo injection of Q10 had no adverse effect on the growth of the developing embryo and posthatch growth of broilers. At 21 days of age, 0.1 and 0.2 mL of Q10 per egg groups had on average 5.63 and 6.84 g higher weight gain compared to uninjected and/or sham control groups, respectively. At 42 days of age, weight gain for 0.1 and 0.2 mL of Q10 per egg was on average 5.63 and 7.73 g higher than uninjected and sham control groups, respectively. On average, FCR during first 21 days of growth period was 0.11 and in second 21 days of growth period was 0.08 lower than uninjected and sham control groups, respectively. Significant differences which were found in FI, BWG, and FCR by treatments are in line with previous study with in ovo injection of Q10 [22] . Reports demonstrated that the degree of response to in ovo injection depend on genetic, parent stock age, egg size, disinfection, and incubation conditions [6, 8] .
Previous studies supported this assumption and showed that coQ10 supplementation or exogenous Q10 injected into egg at the time of incubation is affecting posthatch growth [22, [30] [31] [32] [33] . Krizman et al. [34] suggested that continuous supplementation (1 to 42 days) of CoQ10 improved the body weight over the control group. Higher body weight of chickens in this study may be due to effect of coQ10 on energy efficiency during the metabolism of nutrients at the time of incubation or posthatch growing period as well as its antioxidative properties. Fathi [35] reported that both 20 and 40 mg per kg CoQ10 supplementation improved feed conversion ratio at whole period of study (3-6 weeks) in treated birds compared to control group. CoQ10 exerts a fundamental role in bioenergetics process in the cells as a cofactor in the respiratory chain to electron transport chain and is therefore essential for the production of ATP, which support the growth all over the rearing period especially in newly hatched chickens [35, 36] .
The weight of immune organs and yolk sac in coQ10 treated groups was higher than their counterpart at day of hatching. Also the weight of bursa of Fabricius, spleen, and liver for mentioned groups was higher at 42 days of age. Similar observations was reported by Nemati et al. [13] who suggested that coQ10 singly or in combination with vitamin E can increase the weight of immune organs including bursa of Fabricius and spleen especially under cold stress condition. The explanation of these observations is difficult because of limited study in this regard, but improvement in immunity after administering or in ovo injection of CoQ10, vitamin E, or other nutrients was seen in number of experiments and was expected due to preventive effect of coQ10 against cellular oxidative agents [8, 10, 33] . A hypothesis declares that CoQ10 antioxidant properties result in standoff free radicals and contribute to prevention of lipid peroxidation which is an important step in suppression of immune organs to produce normal immunological products (Yokoyama et al. 1996); [35] .
An experiment result has shown that both options may be involved by supplementation of CoQ10, which, at first, increased coQ10 production in liver tissue and, in the second stage, reduced the oxidative damage which may additionally save the endogen CoQ10 content. Observations on the measurement of serum enzyme activity of selected antioxidant enzymes in this experiment are consistent with the recent hypothesis ( Table 5 ). This experiment has also shown that the increase in CoQ10 plasma concentrations in young chickens is greater than in adult hens during the supplementation with CoQ10 [37] .
The results of this study indicated that the antibody titer of ND disease was significantly increased during the entire of rearing period by direct injection of coQ10 into eggs. Moreover, significant improvement was observed in antibody titers of AI and IBD disease at both 28 and 42 days of age. Though it seems that the difference in hatchability percentage has been observed between the two control groups (the sham and uninjected groups) related to the effect of injection on egg fertility and hatching performance. Higher improvements in immunity system with regard to higher antibody production by in ovo injection of coQ10 in present study are in accordance with the results of many studies [13, 14, 31] . It is due to special effect of antioxidant components that protects tissue of immunological organs against destruction [38] , also influences of coQ10 on helper T-cells, phagocytosis activity, and prostaglandin synthesis in lymphoid organelles [8, 13] . The antioxidant status of hatched chick's tissues enhances by coQ10 which protects lipid membranes from radical oxygen species [3] [4] [5] . In addition, coQ10 reduces oxidative damage and increases proliferation of B-cells and thereby leads to higher immunological productions and better antibodies responses [10, 13, 33] .
The results of this study are in agreement with Nemati et al. [13] and Asadi et al. [14] , who reported that coQ10 supplementation of hatched chickens diets at different ages were high responders for antibody production of ND, AI, and IBD compared to the negative and positive control groups. However, the degree of response for immune system (humoral and cell mediated immune systems) to in ovo injection depends upon genetics, parent stock age, egg size, and incubation conditions [8] . The growth of the neonatal birds is dependent on residual nutrients found in the yolk sacs that have been discharged during the hatching process [6, 21] .
Conclusion
According to the results of this study, in ovo injection of Q10 into the fertile eggs of broiler breeders could lead to significant increase in hatchability%, internal egg characteristics, and performance parameters as well as serum enzyme activity, weight of immune organs, and serum antibody titer of viral diseases. Recommended levels based on the results of this experiment are 0.1 and 0.2 mL of Q10 solution per egg on day 18 of incubation. Due to positive effects of Q10 to prevent oxidative damage to the embryo it seems that this method could be regarded as a possible method to improve mentioned parameters in newly hatched chickens or even for older chickens.
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